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Abstract. Recent observational results on the globular cluster systems of spiral galax- 
ies are summarized. Although the number of spirals with well-studied GCSs is still 
small, new studies promise to increase it rapidly in the next few years. New telescopes 
and technology have contributed to increasingly detailed studies of GCs in Local Group 
galaxies like M31 and M33, and more distant spirals like M81 and M104 are finally 
getting the attention they deserve. The Milky Way GCS looks to be reasonably typical 
of spirals, and still has a lot to tell us about the history of the galaxy. 

1 Introduction 

We live in a spiral galaxy, so the best-studied globular cluster system will likely 
always be the Milky Way's. To understand if the Milky Way GCS is typical, 
we need to study the globular cluster systems of other spirals. If spiral-spiral 
mergers are important in elliptical galaxy and GCS formation, information about 
spiral GCSs is needed to predict the properties of elliptical GCSs. Spiral galaxies 
contain most of the star formation in the nearby universe, so they can provide 
the links between the star formation we study nearby and the high-redshift 
kind which formed globular clusters and galaxy halos. GCs can be observed at 
much greater distances than individual extragalactic bulge or halo stars, so they 
remain one of the best ways of studying the formation of late-type galaxies. 

Despite the importance of spiral galaxy GCSs, they are poorly-studied com- 
pared to those of ellipticals. This is unsurprising, since ellipticals have more 
globular clusters (there are no 'giant spirals' with thousands of GCs like M87), 
and their clusters are easier to find since the galaxy light can be subtracted 
much more easily. The largest populations of nearby galaxies are in clusters like 
Virgo and Fornax, where spiral galaxies are less common than in the field. As I 
was preparing my talk, I searched the Astrophysics Data System for the words 
"spiral globular" in the titles of refereed papers. The tenth result was titled 
"Photographic Effective Wavelengths of Spiral Nebulae and Globular Clusters" , 
and published in 1919 [go|! 

In this review, I will emphasize recent observational results on the globular 
cluster systems of well-studied spiral galaxies. These are (unfortunately) still 
few enough in number to be discussed individually. M31 probably gets some- 
what more emphasis than it should, mostly by virtue of being my thesis galaxy! 
Some galaxies and topics are not discussed here since they are covered elsewhere 
in these proceedings. Theories of globular cluster system formation have mostly 
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concentrated on elliptical galaxies, so relatively little emphasis is placed on the- 
oretical interpretations. At the end of the review, I summarize what is known, 
and still unknown, about the globular cluster systems of spirals. 



2 Milky Way GCS 

The individual GCs in the Milky Way are still important objects of study, and 
many reports of results can be found in the proceedings of a meeting ("New 
Horizons in Globular Cluster Astronomy" , Padua) held shortly before the ESO 
workshop. An excellent review of the Milky Way GCS can be found in W. Harris' 
Saas-Fee lectures j3Cj . Here I mention some highlights of new results on the Milky 
Way globular cluster system. 

One important question is: what is the total population of the Milky Way 
GCS? The June 1999 edition of the Harris catalog |9) lists 147 objects. Several 
recent estimates place the total number of GCs at about 160 fio|f||. Two GCs 
hidden in the Galactic plane were recently discovered in the 2MASS database 
|H , and other searches for star clusters in the Milky Way are underway Q . 




Fig. 1. Metallicity distribution of Milky Way globular clusters, from 
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The issue of bimodality in GCS color distributions was discussed extensively 
at this workshop. The Milky Way is one of the few galaxies where a clear bi- 
modality in metallicity (as opposed to color) can be seen; a nice example of this 
is Fig. [l], from a paper by Cote Q . He also shows that there is a clear difference 
in the kinematics of the two metallicity groups, and suggests that the metal-rich 
clusters are more likely to be associated with the Galactic bulge or bar, rather 
than the disk. 
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Fig. 2. Age distribution of Milky Way globular clusters, from 



Another recent development is the compilation of several large databases of 
color-magnitude diagrams for Milky Way GCs, including a database of HST BV 
CMDs for nearly half the MW GCS , and ground-based CMDs for large num- 
bers of clusters 51,5^]. The two groups with ground-based CMD databases have 
used them to investigate the age distribution of Milky Way globular clusters, with 
similar results (see Fig. ||). The most metal-poor clusters ([Fe/H]< —1.5) are 
found to be coeval and old, with an average age of about 12 Gyr. Intermediate 
metallicity clusters (—1.5 < [Fe/H] < —1.0) show a spread in ages of about 2 
Gyr, and the most metal-rich clusters are found to be coeval and somewhat 
younger than the metal-poor ones. When age is compared to i? gc , the 'outer 
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halo' clusters are the ones with the age spread. Some, but not all, of the age 
spread can be explained by considering age as the 'second parameter', that is, 
the cause of different horizontal branch types in clusters of the same metallicity. 

Globular cluster destruction was discussed extensively at this meeting (e.g., 
by Vesperini), and there is good observational evidence that this process is ac- 
tually taking place. A wide-field photographic imaging study [[39| finds that 
almost all of the 20 MW GCs studied show evidence of interactions with the 
Galaxy (tidal tails, etc). A photometric study using data from the Sloan Digital 
Sky Survey |46| maps out the distribution of the cluster Palomar 5 on the sky - 
nearly half its stars are in the tidal tails. The large sky coverage and photometric 
stability of the SDSS will no doubt enable many more such investigations. 

3 M31 GCS 

Although the M31 GCS has been extensively studied since Hubble the size 
of the GCS is embarrassingly uncertain. Observational difficulties are the pri- 
mary reason: the M31 GCS covers a large area on the sky, and the non-stellar 
appearance of M31 GCs makes them easily confused with background galaxies. 
Several ongoing CCD surveys of M31 [|^,|38| should be useful in clarifying the 
completeness of the photographic surveys. A model of the completeness of ex- 
isting M31 GC surveys using HST data yielded an estimate of the total number 
of M31 GCs as 460 ± 70 §. 

The metallicity distribution of the M31 GCS shows clear evidence for bi- 
modality and Perrett (these proceedings) analyses the difference in kine- 

matics and spatial distribution between the two metallicity groups. As with the 
Milky Way GCs, the age distribution of M31 GCs is much less well-known than 
the metallicity distribution. By comparing the integrated colors of M31 GCs 
with stellar population models, I concluded that the metal-rich GCs in M31 are 
younger than the metal-poor clusters Q ; but integrated photometry is a rather 
blunt instrument, and spectroscopic and CMD studies are needed. At least a few 
of the objects listed in the M31 GC catalogs are actually quite young fl55[ . 

The M31 globular cluster luminosity function (GCLF) has been studied for a 
long time, with the usual difficulties of correcting for incompleteness and redden- 
ing. Many studies have shown that the luminosity function of the halo clusters 
is very similar to that in the Milky Way. With Huchra and Brodie, I attempted 
to compute luminosity functions for subsamples of the full GCS, correcting for 
incompleteness and reddening |^|. We found evidence for GCLF variation with 
both distance from the galaxy center (due to destruction?) and metallicity (due 
to age?). The GCLF variation is an effect not seen in other galaxies, and to 
confirm it we intend to acquire the data necessary to analyze the GCLF in the 
near-infrared, where reddening is less of a problem. 

The Hubble Space Telescope has done a lot for the field of extragalactic 
globular clusters. In M31 it allows both surface photometry and color-magnitude 
studies, since the clusters are resolved into individual stars. Measurements of 
structural parameters for > 70 clusters from HST data p] showed that they have 
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very similar properties to Milky Way clusters. The two galaxies' clusters fall on 
similar trends in the 'fundamental plane' p4j of binding energy, luminosity, and 
concentration (see Fig. [?]), which implies that they have very similar mass-to- 
light ratios, and probably similar evolutionary histories. The M31 metal-rich 
clusters have slightly smaller sizes than the metal-poor ones (see Sect. ||). 

Other recent HST studies of M31 GCs include the work of Clementini et al. 
[ p0| , who reported the first detection of RR Lyrae stars in M31 GCs. Continua- 
tion of this work will provide another 'Population IF method of determining the 
distance to M31, as well as allowing the study of the Oosterhoff phenomenon 
in another galaxy. A detailed study of the large M31 cluster Gl shows it 
to be similar to the Milky Way's u> Cen: it has a large ellipticity, large mass 
and multiple stellar populations. Meylan et al. suggest that Gl is possibly the 
stripped nucleus of a dwarf elliptical galaxy; a similar idea has been put forward 
for u; Cen |HJ . Zinnecker (this meeting) suggested that all GCs might be dwarf 
galaxy nuclei; while this may not be a plausible way to form all GCs, perhaps it 
is workable for the largest GCs in a galaxy. 
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Fig. 3. Structural properties of M31 (hexagons) and Milky Way (squares: core- 
collapsed, triangles: non-core-collapsed) GCs. Clusters with X-ray sources are rep- 
resented by filled symbols. Adapted from data in |J and 
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The high spatial resolution of Chandra has allowed the definitive identifica- 
tion of X-ray sources in Local Group galaxies with their optical counterparts. 
A survey of three ACIS fields in M31 [EH] found that the most luminous X-ray 
sources are in GCs, and some of these are much more X-ray luminous than 
Milky Way GC X-ray sources. The M31 clusters with X-ray sources tend to be 
optically brighter (both in integrated magnitude and central surface brightness) 
than those without; although not statistically significant, there is also a hint 
that they are more concentrated (see Fig. ||) . This agrees with the general idea 
that the frequency of dynamical interactions determines the number of X-ray 
binaries and that this scales with cluster central density. The larger number of 
M31 X-ray GCs should allow a much more detailed comparison of cluster and 
X-ray source properties. 
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Fig. 4. M33 cluster velocities (relative to the disk) as a function of age. From Jl7| 

Many spiral galaxies contain young, massive star clusters (Larsen, this meet- 
ing), and the Local Group spiral M33 is no exception. Chandar and collaborators 
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have recently carried out an extensive study of the M33 cluster system [p^[-p7[|. 
Using HST images, they identify many new star clusters in M33, and estimate 
the total number of GCs at 75 ± 14. This is a much larger value than previous 
estimates, and if correct would give M33 a fairly large specific frequency (see 
Table 1). It is clear that the the GCs have a much larger velocity dispersion 
than the young star clusters (see Fig. |4|) . There are still relatively few M33 GCs 
with radial velocities, so understanding their kinematics is difficult. Modeling 
suggests that most belong to the halo rather than the disk jl7|| . 

The small number of M33 GC candidates known before the Chandar et al. 
work have been heavily studied. HST imaging of 10 halo clusters J53) showed 
that 8 of them have red horizontal branches, an indicator of possible interme- 
diate (~ 7 Gyr) ages. A spectrophotometric study [^l| yielded similar results. 
However, high resolution spectroscopy and HST surface photometry of four of 
these clusters |3(| shows that they have similar mass-to-light ratios to the Milky 
Way globulars ((M/Ly) = 1-5 ± 0.2), and fall on the same fundamental plane. 
This is puzzling since M/L is expected to be lower for younger clusters. Prelim- 
inary work on Chandra sources in M33 ]43| ] indicates that none are associated 
with GCs. This might also argue against younger ages, since younger clusters 
would have a higher turnoff mass and be more likely to have luminous X-ray 
binaries (see pi]). 



5 M104 

This meeting saw some debate about whether M104 (the 'Sombrero') is a spiral 
galaxy with a large bulge, or an elliptical galaxy with a disk. Since there are 
already many more elliptical galaxies than spirals with GCS information, I con- 
sider it a spiral for this review. Recent works include HST imaging by Larsen et 
al. |[7): for three fields near the center of M104, they find a total of ~ 170 GC 
candidates and estimate a total GCS population of about 1200±600. The GC 
candidates have a bimodal color distribution: 45% blue and 55% red, somewhat 
different from the 65%-35% division seen in the Milky Way and M31. There is a 
size difference between red and blue clusters (see Fig. ||), although it is difficult 
to tell whether this is because the red clusters are located closer to the center of 
the galaxy. 

Previous spectroscopy of the Ml 04 clusters has so far included fairly small 
samples of objects |35 ll|. Both groups were able to estimate a mean metal- 



licity for the cluster system ([Fe/H] ~ —1.3) and estimate the total mass of 
the galaxy. Several groups presented new observations of M104 GCs at this 
meeting, including VLT imaging (Moretti) and spectroscopy (Held), and 2dF 
spectroscopy (Bridges). These new data should allow the detailed kinematical 
studies not possible with previous observations. 
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Fig. 5. Half-light radii for M104 clusters, from |j7|. The red clusters are smaller than 
the blue ones, an effect also seen in other galaxies 

6 M81 

Aside from a few papers in the mid-1990s , the M81 GCS has received little 

attention until very recently. HST imaging of 8 fields Hll revealed 114 new 
clusters, of which about half were red enough to be old GCs. The total number 
of globular clusters was estimated at ~ 210, with no bimodality detected in the 
GC color distributions. Two groups have obtained spectra of M81 GC candidates 
[ fl7j|54j ]; the latter group (Schroder et al.) studied the combined sample of 44 
GCs. The spectroscopic metallicities have large uncertainties, so they did not 
formally test for a bimodal distribution. Using colors as a rough metallicity 
indicator, Schroder et al. analyzed the kinematics of two groups, finding that 
the red clusters rotate with the disk, and the blue clusters show no rotation. 
The red clusters' rotation signature is strongest for 4 < R < 8 kpc, leading to 
the suggestion that these clusters (and also their analogs in M31 and the Milky 
Way) comprise a 'thick disk' population. This is at odds with other analyses of 
both the Milky Way and M31 GCS kinematics, so perhaps a larger sample of 
M81 GCs will tell a different story. 

7 NGC 4565, NGC 5907 

The clusters in these two edge-on galaxies were studied by Kissler-Patig et al. 
[p4| , using B and I imaging from HST. Although these two galaxies have quite 
different structural properties, their globular cluster systems appear to be quite 
similar. Only small numbers of GCs were detected in each galaxy, so the total 
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number of clusters was estimated by comparing a model of the selection effects 
to the spatial distribution of Milky Way clusters. No bimodality was detected 
in the cluster candidate color distributions, but the mean colors of clusters in 
NGC 4565 and NGC 5907 were consistent with the mean metallicity of the MW 
GCS. There is some indication that the NGC 5907 GCS is flattened, of interest 
because this galaxy may also have a flattened halo. 

8 Other spirals 

A few less-well-studied spiral galaxies are collected here. Some have new GCS 
studies in progress, while others were studied some time ago and might benefit 
from a revisit with new telescope and/or more sensitive detectors. 

No detailed study of globular clusters has been done in the large nearby 
face-on spiral M101, although a study of one HST/WFPC2 field Q detected 
6 GC candidates and numerous young clusters. An upcoming survey of M101 
with the new ACS on HST (PI: K. Kuntz) should allow a much more thorough 
study. Another upcoming study is the thesis of K. Rhode, who has obtained 
extensive data on the GCSs of several nearby edge-on spirals. These data will 
be extremely valuable for comparison of the GCSs of spirals and ellipticals. In 
these proceedings, Rhode discusses the GCS of NGC 7814. 

Also in these proceedings, Olsen discusses imaging of the GCSs of spirals in 
the Sculptor group: NGC 55, 247, 253 and 300. These galaxies are nearby, 
which makes their clusters bright, but also means that GCs are more likely to 
be confused with background galaxies. Beasley & Sharpies j|] found that almost 
all of the NGC 253 and NGC 55 GC candidates they obtained spectra for were 
in fact galaxies. 

Fischer et al. |2^] used early CCD images (300 x 500 pixels) to study the 
GCS of NGC 5170. They detected 130 ± 20 GC candidates, and estimated the 
total population at 815 ± 320. NGC 2403 is an M33-like galaxy in the M81 
group; its globular cluster system was studied by Battistini et al. [||. They found 
evidence for a small population of old clusters and a somewhat larger population 
of younger clusters (similar to M33). NGC 2683: a photographic study of this 
Sb spiral detected 100 ± 31 GCs, and estimated the total population at 
321 ± 108. Marginal detections of GCSs in the Virgo spirals NGC 4216 and 
NGC 4569 |§ yielded population estimates of 700 ± 380 and 1000 ± 400. 

9 Is the Milky Way GCS typical? 

To answer this question, I've tried to compile the GCS 'vital statistics' for all of 
the galaxies mentioned in this review. Some of the answers are not well-known - 
for example, detailed information on the GCS metallicity distribution is available 
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Table 1. Globular Cluster Systems of Spiral Galaxies 



Efalaxv 


My 


Ngc 




fFe/Hl 

L W - LJ -J 


GCLF V° 


Refs. 


Milky Way 


-20.9 
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0.7 + 0.1 
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-7.5 


@ 


M31 


-21.4 
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M104 
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NGC 4565 
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NGC 4569 


-21.7 


1000 ± 400 


2.1 ± 0.8 
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NGC 4216 


-21.8 


700 ± 380 


1.3 + 0.7 






in 



for only a few galaxies. The total magnitude of the Milky Way is also a difficult 
quantity to measure. The values compiled, and their sources, appear in Table 

The specific frequency of spiral GCSs does not seem to vary as much as for 
ellipticals, although many of the values are still maddeningly uncertain. From 
the available data, it seems clear that the Milky Way Sn is not abnormally high, 
and might even be somewhat low. The metallicity distributions and GCLFs are 
remarkably similar between the various galaxies. M33 stands out in all of these 
properties, but then it is really a different sort of galaxy from the others - for 
example, it also lacks a massive central black hole |2^] and a central bulge. Forbes 
(these proceedings; see also |Q) argues that the GCSs of spiral bulges are more 
similar to each other and to ellipticals' GCSs than are spiral GCSs overall. This 
would certainly explain why M33's GCS is so discrepant, but the differences 
between the non-bulge GCs of spirals still remain to be explained. The absence 

1 Notes: Chandar et al. Jl!| used Mb instead of My to compute Sn for M81; the value 
computed with My is given here. The values for NGC 7814 assume the distance 
modulus m — M = 31.52. 
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from the Milky Way of the young or intermediate-age clusters so common in 
other galaxies is also still a mystery. 

The next time a review like this gets written, I expect that some of the ques- 
tions raised above will have been answered. Enough spirals will have measure- 
ments of Sn that its variation with galaxy/bulge properties can be addressed. 
Spectroscopic observations of GCs in galaxies like M81 and M104 will increase 
the sample of galaxies with reliable measurements of metallicity distributions 
and kinematics. More detailed studies of Local Group clusters, including color- 
magnitude diagrams and high-resolution spectroscopy, will show whether the 
Local Group GCs are truly part of the same few-parameter family. 

10 Summary 

The globular cluster systems of spiral galaxies are poorly-studied compared to 
those of ellipticals, mostly because doing so is much more difficult. The hand- 
ful of well-studied galaxies show many similarities among their properties, and 
also many similarities to elliptical GCSs. High-resolution imaging from space has 
yielded much new information about the clusters in many of these galaxies; com- 
bined with spectroscopy from 8-m telescopes, the prospects for a more detailed 
understanding of spiral galaxy GCSs seem bright. 

Financial support to attend the meeting by the Smithsonian Institution and 
ESO is gratefully acknowledged. I also thank R. Chandar for commenting on a 
draft of the manuscript. 
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